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计基于 MOFs 纳米材料的多功能探针或药物分子体内递送系统奠定基础。 
本论文共分为五章，包括以下主要研究内容： 
第一章 介绍 MOFs 纳米材料的合成技术、对于探针或药物等功能分子的装
载方法，着重介绍了目前针对 MOFs 纳米材料的表面修饰及功能化方法，并在此
基础上提出了本论文的研究思路、内容及意义。 




第三章  构建了基于聚合物修饰 MOFs 纳米粒子的多级释放体系。首先实现














































The use of nanoscale metal-organic frameworks (nano-MOFs) in biomedicine is 
constantly emerging due to their intrinsic advantages in drug delivery and imaging 
applications. Comparing to traditional carriers, two of the key advantages of nano-
MOFs are their high loading efficiency and biodegradable character. However, the 
degradable charatcter does cause troubles, one of the key problems derived from this 
character is the challenge to modify the surface of MOFs nanoparticles permanently to 
confer unique surface functions for the modulation of nano-MOFs biodistribution and 
their therapeutic efficacy improvement. Developing novel surface modification 
strategies represents a significant innovation that would greatly benefit the development 
of using porous nano-MOFs in biomedicine. In this project, we will systematically 
explore the surface non-covalent intreactions with guest molecules in aqueous and 
biologaical milieu. After that, novel, straightforward and efficient strategies which 
exploit the synergy of non-covalent interactions on the surface of nano-MOFs will be 
developed for the modification of MOFs nanoparticles based on functionaliezd 
polymers or lipid, in order to improve the efficacy of nano-MOFs in biomedical 
applications. Moreover, we will use the polymer functionalized nano-MOFs as a novel 
nano-vectors for bioimaging and drug delivery applications 
The paper can be divided into five chapters, including the following main contents: 
The first chapter: in this chapter, we will briefly introduces the common 
strategies used for nano-MOFs synthesis and the methods for incorporating probes and 
drugs within them. Our main focus is to introduce the approaches of surface 
modification for nano-MOFs. And on this basis, we proposed the research ideas, the 
main contents and its meaning of our work. 
The second chapter: in this chapter, we systematically studied the synergistic and 
dynamic non-covalent interactions between fluorescent probes and nano-MIL-101(Fe)-
NH2. Subsequently, we developed a unique and straightforward strategy for the surface 
modification of MIL-101(Fe)-NH2 with polymer by exploiting synergy of non-covalent 
interactions between functionalized copolymers and MIL-101(Fe)-NH2. We 
demonstrated that the binding of polymers onto MIL-101 (Fe) -NH2 surface was very 
effective in aqueous solution and surprisingly non-sheddable during the process of 
degradation. 
The third chapter: in this chapter, we developed a multistage drug delivery 
system based on CS-PEG copolymer-drug/probe conjugates bound nano-MIL-101(Fe)-
NH2. As MIL-101(Fe)-NH2 suffered rapidly decomposition in biologaical milieu, we 
exploited the nano-MOFs as templates for LbL assembly of polyelectrolytes. In 
addition, we systemically explored the release kinetics and therapeutic/imaging 
applications of polymer conjugates. 
The fourth chapter: in this chapter, we explored the surface modification method 
for nano-UiO-66(Zr)-NH2 using noncovalvent strategy. The affinity of CS-PEG 
copolymer-probe conjugates or guest molecule to this nano-MOFs were investigated in 
















the lipid bilayer coated nano-UiO-66(Zr)-NH2 for the drug or imaging agents delivery 
application in a real biological envirment. 
The fifth chapter: in this chapter, we summarized the main content of the work 
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图 1.1 金属-有机骨架的合成及其应用. 








































































配位组成的 MIL-88A 纺锤形纳米粒子（150 nm）[29]（图 1.2a）。合成中反应温
度为 65 ℃，产物的尺寸随着反应时间的延长而增大，当反应时间为 2 h 时，粒







子。Lin 等利用微波合成的方法在 DMF 溶液中成功制备得到直径约 200 nm 的由
Fe3+离子和对苯二甲酸、2-氨基对苯二甲酸配体组成的 MIL-101（图 1.2B）、MIL-
88B-NH2（图 1.2c）八面体形纳米粒子[32]。增加体系中 2-氨基对苯二甲酸/对苯





















图 1.2 溶剂热法合成 MOF 纳米粒子的 TEM 表征 a) MIL-88A，b) MIL-101，c) MIL-88B. 
Figure 1.2 TEM image of the MOF nanoparticles synthesized by solvent-thermal methods, a) 







Zn3BTC2·12H2O MOFs 纳米粒子（50-100 nm）[35]，此后，利用超声合成方法，











W 进行调控，当 W=5 时制备得到长度约 100 nm 的纳米棒状结构，而当 W=10 
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